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Abstract 



Solidification/ Stabilization has emerged as an efficient method for the treatment 
of industrial sludge contaminated with potentially toxic heavy metal ions. The 
main objective of solidification/ stabilization was to develop binder formulations 
that produce stable and sustainable end products, which will pose the minimum 
threat to the environment. The high strength, low permeability and relatively 
high durability of products makes lime/ cement the most adoptable binder 
presently available for the immobilization of toxic metal ions and other inorganic 
contaminants. The work investigated the feasibility and effectiveness of the fly 
ash and soil on stabilization/solidification of the industrial chromium bearing 
sludge obtained from the Federal Mogul industry. As fly ash as the main raw 
material in first three set of the series then with the small additives of lime and 
cement the unconfined compressive strength samples were prepared and these 
samples were cured in a sealed bags. The unconfined compressive strength tests 
were carried out for the stabilized blocks at the end of 1, 7, 14 and 28 days of 
curing. After the unconfined compressive strength test, to know the leaching 
characteristic of the heavy metal ions in the stabilized blocks the leaching tests 
were carried according to the ASTM D 3987-85 method for the representative 
samples. The leachate was analyzed for the chromium and copper ion 
concentration using Atomic Absorption Spectro Photometer. 
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1. Introduction 



Industrialization and Development of a country go together. Where there are industries indeed there 
are pollution problems. The need to treat and handle air, water, and wastewater pollutants has 
resulted in the formation of sludge and solid waste. The waste may be hazardous or non-hazardous 
consisting of organic and/or inorganic materials. In addition to this, hazardous wastes sometimes 
get imported mainly from the western countries for re -processing or recycling. The danger to 
human health and stringent regulations on land disposal of hazardous waste have resulted in 
development of advanced technologies for hazardous waste management such as secured landfill 
sites, Stabilization/Solidification techniques etc. The disposal options for industrial wastes are 
limited by the type of waste, cost, legislation and technology. In recent years, solidification and 
stabilization techniques have emerged as viable alternatives for waste disposal. It is therefore 
important that all the industries not only take care of the process of manufacture but also safe 
disposal of the pollutants generated in the form of solids, liquids or gaseous wastes. Amongst the 
heavy and toxic metals, arsenic, cadmium, chromium, nickel, lead, copper, mercury and zinc are 
considered deleterious to the environment, when their concentrations are more than the stipulated 
limits. 




2. Literature Review 



Rachana Malviya et al. (2006) carried out the work to know the effect of different waste stream 
such as heavy metals bearing sludge, filter cake, fly ash, and slag on the properties of cement and 
other binders. The factors affecting strength development is studied using mix a design, in that they 
studied the Waste/binder and water/binder ratio and Bulk density, Initial setting time and hydration, 
carbonation, pore volume, pore solution, effect of environment on S/S product and volume of 
stabilization product. And from their study they came to the conclusion that Metal bearing waste 
can have either a positive or a negative effect on the strength development. Different waste metals 
have different effects individually and in combination (with other typical metals) with binders in a 
solidified/stabilized matrix. In OPC with a metal-doped system, including up to 1 wt.% waste metal 
is safe. However including up to 3 wt.% of metals like Zn, Ni, Pb can result in strength reduction of 
99%. [21] 

Guangren Qian et al. (2009) carried out the work for investigating the feasibility and effectiveness 
of Municipal Solid Waste Incinerated (MSWI) fly ash based Friedel matrices on stabilizing/ 
solidifying industrial chromium-bearing electroplating sludge which they got from the chrome 
plating industry in Shanghai, P.R. China, using MSWI fly ash as the main raw material with a small 
addition of active aluminium that is aluminous cement, prepared the pastes of the sludge Friedel 
matrices at a water to cement ratio of 0.30. All the samples were first matured at a relative humidity 
of 98% for 24 h and cured for 1, 3, 7, 14 and 28 days, respectively. They used unconfined 
compression machine with a maximum load of 5 kN at loading rate of 1.52 m/min for determining 
the compressive strength of the specimens, leaching behavior and chemical speciation of heavy 
metals and hydration phases of matrices were characterized by TCLP, XRD, FTIR and other 
experimental methods. Their results reveal that MSWI fly ash -based Friedel matrices could 
effectively stabilize chromium-bearing electroplating sludge, the formed ettringite and Friedel 
phases plays a significant role in the fixation of heavy metals in electroplating sludge. The co- 
disposal of chromium bearing electroplating sludge and MSWI fly ash based Friedel matrices with 
a small addition of active aluminium is promising to be an effective way of stabilizing chromium- 
bearing electroplating sludge. [13] 
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3. Materials 



• Sludge : -Heavy metal laden sludge which is rich in chromium was collected from the 
Federal Moghal industry, located in Yalahanka, Bangalore, with the kind permission of 
State Pollution Control Board. The sludge generated from the industry falls under the 
category of hazardous waste due to the concentration of high percentage of chromium and 
other heavy metal ions and hence it needs to be stabilized/solidified and disposed of in a 
scientific manner. The characterization of sludge is carried out for pH, moisture content and 
other heavy metal ions in Bangalore test house and the results are presented in the table. 



Table 1: Properties of industrial sludge 



Parameter 


Value 


PH 


2.58 


Water content (%) 


9.5 


Chromium (mg/kg) 


91.5 


Nickel (mg/kg) 


7.31 


Copper (mg/kg) 


23.95 


Aluminum (mg/kg) 


83.5 




• Fly ash: - Fly ash has been obtained from the Raichur thermal power station (RTPS), 
Raichur, Karnataka. 181ack MT of fly ash is producing every year in RTPS. The fly ash 
has been classified as F type. The physical properties of fly ash along with the compaction 
characteristics are presented in table 2. The chemical composition of the fly ash is given in 
table. 



Table 2: Chemical composition of fly ash 



Parameters 


% 


Si02 


38-63 


A1203 


27-44 


Ti02 


0.4 -1.8 


Fe203 


3. 3-6.4 


MnO 


0.1 -0.5 


MgO 


0.01-0.5 


CaO 


0.2-8.0 


K20 


0.04-0.9 


Na20 


0.07-0.43 


L.O.I. 


0.2-3.4 



Source : Vimal Kumar et.al„ Fly Ash India 2005 , New Delhi. [26] 



Table 3: Physical properties of fly ash 



Parameter 


Value 


Specific gravity 


1.98 


Consistency limits 


Liquid limit % 


58 




Plastic limit % 


Non plastic 




Plasticity index % 





• Soil: -In the present study black cotton soil was obtained from Harihara, Karnataka. The 
black cotton soil was preferred because it contains good amount of clay and silt and which 
imparts plasticity properties for the stabilization of sludge 
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Table 4: Properties of black cotton soil 



Property 


Value 


Specific gravity 


2.54 


Grain size Analysis 


Clay % 


58.75 


Silt % 


17 


Sand % 


22.04 


Gravel % 


2.11 


Consistency limits 


Liquid limit % 


52.5 


Plastic limit % 


22.5 


Plasticity index % 


22.5 


Shrinkage limit % 


9.97 


Proctor’s 

compaction 

characteristics 


Optimum moisture 
content % 


22 


Maximum dry 
density gm/cm 3 


2.1 



• Lime:- Lime for the present study was obtained from the local market in the Bangalore, 
Karnataka. 

• Cement:- Cement for the present study was obtained from the local market in Bangalore, 
Karnataka 



4. Sample Preparation 



In the present work soil and fly ash were mixed in different proportions, namely soil in the range 
of 70 to 90 % and fly ash in the range of 10 to 30% in different series. In this study, the heavy 
metal sludge was air dried until the moisture was removed. The soil was oven dried for 24 hrs at 
105° c and sieved with 4.75 mm to remove the coarse material. Fly ash is oven dried for 24 hrs at 
105° c. The particle size of fly ash used in the following experiment was finer than 600 mm. 
Solidified/stabilized treatments were performed by mixing sludge, fly ash, soil, lime and cement 
in different combinations. The samples in the study were classified into five series: 

i. ) In the first series 90% black cotton soil was mixed with 10% of fly ash followed by 

different percentage of sludge designated as “A”. 

ii. ) In the second series 80% black cotton soil was mixed with 20% of fly ash followed by 

different percentage of sludge designated as “B”. 

iii. ) In the third series 70% black cotton soil was mixed with 30% of fly ash followed by 

different percentage of sludge designated as “C”. 

iv. ) In the fourth series 40% black cotton soil, 30% of fly ash, 30% sludge mixed with 

different percentage of lime and it is designated as “D”. 

v. ) In the fifth series 40% black cotton soil, 30% of fly ash, 30% sludge mixed with different 

percentage of cement and it is designated as “E”. 

The mixtures were compacted in split mould to prepare the cylindrical unconfined compressive 
strength test specimens of height 7.6 mm and diameter 3.8mm. The compacted specimens were 
stored in a sealed sample bags and cured at room temperature for 1, 7, 14, 28 days respectively. The 
UCC samples prepared and cured for different curing periods in desiccator. 
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Table 5:- The detailed information of the mixture 





Fly ash 


Soil 


Sludge 


Lime 


Cement 


A 


10 


90 


- 


- 


- 


A -1 


10 


90 


5 


- 


- 


A -2 


10 


90 


10 


- 


- 


A -3 


10 


90 


15 


- 


- 


A -4 


10 


90 


20 


- 


- 


B 


20 


90 


- 


- 


- 


B -1 


20 


90 


5 


- 


- 


B -2 


20 


90 


10 


- 


- 


B -3 


20 


90 


15 


- 


- 


B -4 


20 


90 


20 


- 


- 


C 


30 


90 


- 


- 


- 


C-l 


30 


90 


5 


- 


- 


C-2 


30 


90 


10 


- 


- 


C-3 


30 


90 


15 


- 


- 


C-4 


30 


90 


20 


- 


- 


C -5 


30 


90 


25 


- 


- 


C-6 


30 


90 


30 


- 


- 


D 


30 


90 


30 


- 


- 


D-l 


30 


90 


30 


4 


- 


D -2 


30 


90 


30 


8 


- 


D -3 


30 


90 


30 


12 


- 


D -4 


30 


90 


30 


16 


- 


E 


30 


90 


30 


- 


- 


E-l 


30 


90 


30 


- 


4 


E -2 


30 


90 


30 


- 


8 


E -4 


30 


90 


30 


- 


12 


E -5 


30 


90 


30 


- 


16 



The mixtures were compacted in split mould to prepare the cylindrical unconfined compressive 
strength test specimens of height 7.6 mm and diameter 3.8mm. The compacted specimens were 
stored in a sealed sample bags and cured at room temperature for 1, 7, 14, 28 days respectively. The 
UCC samples prepared and cured for different curing periods in desiccator. 



5. Determination Of Compressive Strength 



The unconfined compressive strength of the stabilized samples was determined using unconfined 
compression machine of capacity with a maximum load of 5 KN. The loading rate of a machine 
was 1.52m/min. In the present work, characteristic compressive strength was evaluated using 
unconfined compression machine specimens of different proportions were prepared and cured for 1, 
7, 14, 28 days respectively 

Le Aching Test 

After the compressive strength test the samples were dried, powdered and the coarse particles were 
separated using 4.75mm sieve. The leaching test was conducted according to ASTM D3987-85, 
water leach test to evaluate the leaching behaviour of heavy metal in the stabilized matrices. The 
water leach test defined in ASTM D3987-85 is intended as a rapid means of obtaining an aqueous 
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extract from a solid waste. Site-specific leaching conditions are not simulated in this test. The 
method is only appropriate for inorganic compounds. 

In the present study, the material to be tested is mixed homogeneously and then a representative 20- 
g sample of the material is added to 400 mL of deionized water in a sealed 500 ml container. So as 
to maintain a liquid to solid ratio of 20 ( i.e liquid/solid=20). The mixture is agitated continuously 
for 18 hours at a rate of 30 rotations per min at room temperature. The mixture is then allowed to 
settle for 5 min, and the aqueous phase is separated by decantation. The decant is filtered through 
filter paper and subjected to chemical analysis. For all the samples the concentrations of 
contaminants were determined using Atomic Absorption spectrophotometer. 



6. Results And Discussions 



|6.1 Compressive strength of “A” set of series| 



Table 6: Compressive strength of “A” set of series 



Sludge 

Mix 


1-Day 

compressive 

strength 

(KPa) 


7-Days 

compressive 

strength 

(KPa) 


14-Days 

compressive 

strength 

(KPa) 


28-Days 

compressive 

strength 

(KPa) 


A 


185 


212 


243 


256 


A-l 


176 


202 


230 


247 


A-2 


163 


190 


222 


235 


A-3 


151 


176 


201 


219 


A-4 


134 


160 


179 


192 




Number of days of curing 
Figure 1: Compressive strength of “A” set of series 
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|6.2 Compressive strength of “B” set of series) 



Table 7: Compressive strength of “B” set of series 



Sludge 

Mix 


1-Day 

compressive 

strength 

(KPa) 


7-Days 

compressive 

strength 

(KPa) 


14-Days 

compressive 

strength 

(KPa) 


28-Days 

compressive 

strength 

(KPa) 


B 


251 


279 


307 


320 


B -1 


236 


264 


291 


305 


B -2 


217 


244 


269 


283 


B -3 


201 


225 


244 


261 


B -4 


191 


208 


229 


239 




Number of days of curing 

Figure 2: Compressive strength of “B” set of series 



6.3 Compressive strength of “C” set of series 



Table 8: Compressive strength of “C” set of series 



Sludge 

Mix 


1-Day 

compressive 

strength 

(KPa) 


7-Days 

compressive 

strength 

(KPa) 


14-Days 

compressive 

strength 

(KPa) 


28-Days 

compressive 

strength 

(KPa) 


C 


280 


302 


330 


341 


C-l 


268 


290 


314 


328 


C-2 


261 


278 


297 


312 


C-3 


243 


262 


290 


307 


C-4 


239 


260 


285 


300 


C-5 


220 


242 


276 


287 


C-6 


211 


235 


259 


276 
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Number of days of curing 

Figure 3: Compressive strength of “C” set of series 



|6.4 Compressive strength test of “D” set of series| 



Table 9: Compressive strength of “D” set of series 



Sludge 

Mix 


1-Day 

compressive 

strength 

(KPa) 


7-Days 

compressive 

strength 

(KPa) 


14-Days 

compressive 

strength 

(KPa) 


28-Days 

compressive 

strength 

(KPa) 


D 


204 


231 


254 


269 


D -1 


221 


249 


275 


288 


D-2 


239 


260 


288 


302 


D-3 


264 


284 


312 


323 


D -4 


278 


300 


326 


338 




Figure 4: Compressive strength of “D” set of series 
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|6.5 Compressive strength test of “E” set of series) 



Table 9: Compressive strength of “E” set of series 



Sludge 

Mix 


1-Day 

compressive 

strength 

(KPa) 


7-Days 

compressive 

strength 

(KPa) 


14-Days 

compressive 

strength 

(KPa) 


28-Days 

compressive 

strength 

(KPa) 


E 


204 


231 


254 


269 


E-l 


225 


240 


270 


290 


E-2 


249 


264 


296 


328 


E-3 


280 


291 


319 


351 


E-4 


293 


309 


340 


380 




|6.6 Chromium leaching of “A”, “B” and “C” set of series! 



Table 10: Chromium leaching of “A”, “B” and “C” set of series 



Specimen 


1-Day 

Leaching 

(mg/L) 


7-Days 

Leaching 

(mg/L) 


14-Days 

Leaching 

(mg/L) 


28-Days 

Leaching 

(mg/L) 


A 


2 


0.1 


0 


0 


A-l 


28.1 


13.28 


5.36 


3.2 


A-2 


39.9 


17.2 


9.08 


5 


A-3 


47 


40.2 


29.1 


18.2 


A-4 


63.2 


52.2 


38.2 


26.2 


B 


3 


0.3 


0 


0 


B-l 


25.2 


9.88 


4.52 


2.1 


B-2 


35.45 


16.08 


5.68 


3.2 


B-3 


41.55 


20.04 


7.6 


5.8 


B-4 


58.66 


22.12 


12.4 


9 


C 


4.2 


1.8 


0 


0 


C-l 


21.75 


13.4 


4.96 


2.2 


C-2 


33 


19.16 


5.6 


3.1 


C-3 


35.7 


17.4 


8 


2.3 


C-4 


35.55 


22.16 


9.8 


5.4 


C-5 


39.65 


25 


14 


6.4 


C-6 


43.8 


29 


21 


8 
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Figure 6: Chromium leaching of “A”, “B” and “C” set of series 



|6.7 Chromium leaching of “D” set of series] 



Table 11: Chromium leaching of “D” set of series 



Specimen 


1-Day 


7-Days 


14-Days 


28-Days 




Leaching 


Leaching 


Leaching 


Leaching 




(mg/L) 


(mg/L) 


(mg/L) 


(mg/L) 


D 


204 


231 


254 


269 


D-l 


221 


249 


275 


288 


D-2 


239 


260 


288 


302 


D-3 


264 


284 


312 


323 


D-4 


278 


300 


326 


338 
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Figure 7: Chromium leaching of “D” set of series 
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|6.8 Chromium leaching of “E” set of series| 



Table 12: Chromium leaching of “E” set of series 



Specimen 


1-Day 

Leaching 

(mg/L) 


7-Days 

Leaching 

(mg/L) 


14-Days 

Leaching 

(mg/L) 


28-Days 

Leaching 

(mg/L) 


E 


62 


49 


31 


26 


E-l 


49 


27 


14 


6 


E-2 


29 


18 


9 


4 


E-3 


20 


14 


5 


2 


E-4 


17 


12 


4 


1 




■ 1-Day 

■ 7-Day 

■ 14-Day 

■ 28-Day 



Figure 8: Chromium leaching of “E” set of series 



6. 9 Copper leaching of A, B, C set of series 



Table 13: Copper leaching of A, B, C set of series 



Specimen 


1-Day 

Leaching 

(mg/L) 


7-Days 

Leaching 

(mg/L) 


14-Days 

Leaching 

(mg/L) 


28-Days 

Leaching 

(mg/L) 


A 


0.2 


0.1 


0 


0 


A-l 


0 


0 


0 


0 


A-2 


1.2 


0.6 


0 


0 


A-3 


3.2 


1.9 


0.9 


0.2 


A-4 


5.2 


3.2 


2.8 


1.4 


B 


0.3 


0.16 


0 


0 


B-l 


0 


0 


0 


0 


B-2 


0 


0 


0 


0 


B-3 


0.32 


0 


0 


0 


B-4 


0.54 


0 


0 


0 


C 


0.4 


0.21 


0.12 


0 


C-l 


0 


0 


0 


0 


C-2 


0.2 


0 


0 


0 


C-3 


0.16 


0 


0 


0 


C-4 


0.24 


0.45 


0 


0 


C-5 


0.4 


0.15 


0 


0 


C-6 


0.52 


0.45 


0 


0 
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■ 1-Day 

■ 7-Day 

■ 14-Day 

■ 28-day 



Figure 9: Copper leaching of A, B, C set of series 



|6.10 Copper leaching of “D” set of series| 



Table 11: Copper leaching of “D” set of series 



Specimen 


1-Day 

Leaching 

(mg/L) 


7-Days 

Leaching 

(mg/L) 


14-Days 

Leaching 

(mg/L) 


28-Days 

Leaching 

(mg/L) 


D 


1.32 


1.1 


0.58 


0 


D-l 


0.9 


0.3 


0 


0 


D-2 


0.48 


0.24 


0 


0 


D-3 


0.12 


0 


0 


0 


D-4 


0 


0 


0 


0 





Figure 10: Copper leaching of “D” set of series 



■ 1-Day 

■ 7-Day 

■ 14-Day 

■ 28-Day 
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|6.11 Copper leaching of “E” set of series) 





Table 12: Copj 


per leaching of 


“E” set of series 


Specimen 


1-Day 

Leaching 

(mg/L) 


7-Days 

Leaching 

(mg/L) 


14-Days 

Leaching 

(mg/L) 


28-Days 

Leaching 

(mg/L) 


E 


1.32 


1.1 


0.58 


0 


E-l 


0.86 


0.24 


0 


0 


E-2 


0.38 


0.2 


0 


0 


E-3 


0.2 


0 


0 


0 


E-4 


0 


0 


0 


0 




M 1-Day 

■ 7-Day 

■ 14-Day 

■ 23-Day 



Figure 11: Copper leaching of “E” set of series 



6.12 Findings 



> From the unconfined compressive strength of the A set of series that is 90% of soil, 10% of 
fly ash, and sludge is increased from 5 to 20%, here no specimen attained a minimum 
compressive strength requirement. 

> The compressive strength of B set of series that is 80% of soil, 20% of fly ash and sludge is 
increased from 5 to 20% it is observed that strength was maximum for the control sample, 
as the percentage of sludge increases in a mixture the strength decreases gradually. And as 
the curing period increases the strength also increases in all the cases. The specimens B, B- 
1 achieved the requirement at 28 Days of curing. 

> The compressive strength of C set of series that is 70% of soil, 30% of fly ash and sludge 
is increased from 5 to 30% it is observed that the specimens C, C-l achieved the 
requirement at 14 Days of curing only whereas the specimens C-2, C-3, C-4 achieved the 
same value at 28 days of curing. 

> From the unconfined compressive strength of the D set of series (40% soil+ 30% fly ash 
+30% sludge) it was observed that as the percentage of lime increased from 4 to 16% the 
strength also increased from 269KPa to 338KPa. Sample D-2 consisting of 8% lime 
attained a minimum UCC value of 300KPa at the end of 28 days of curing, whereas 
specimens D-3 exhibited a compressive strength value of at the end of 14 days of curing, 
D-4 at 7 days of curing. 
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> From the unconfined compressive strength of the E set of series (40% soil+30% fly 
ash+30% o sludge) it is observed that as the percentage of cement increases from 4 to 16% 
the strength also increases and strength was least for the control sample. It is also observed 
that as the curing period increases the strength also increases and maximum strength is 
attained at the end of 28 days of curing. 

> The leaching of the heavy metals for the stabilized mixtures according to the ASTM D 
3987-85 method for A, B and C set of series provides that as the addition on of fly ash 
increases the leachability of heavy metal ions decreases. The leachability of heavy metal 
ions in a leachate was low for 30% of fly ash. And as the curing period increases the 
leaching of the heavy metals from the stabilized samples were low. 

> From the leaching results of the D set of series it is observed that as the percentage of 
addition of the lime increase the leachability of heavy metal ions decreases. 

> From the leaching results of the E set of series it is observed that as the percentage of 
addition of the lime increase the reachability of heavy metal ions decreases. 
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